The Diagnosis and Recommendation Integrated System (DRIS) is an alternative tool for the evaluation of nutritional status and fertilizer recommendation of several crops. However, as this methodology implies the establishment of norms or standards, without which one cannot infer about the nutritional status of a crop, in Portugal this tool has little application. The aim of this study was to establish preliminary DRIS norms for vineyards in Portugal. From 2007 to 2009, petiole samples were collected on a set of 199 selected plots. The DRIS norms were established according to the proposed by Beaufils (1973) , based on the results of the laboratory procedures. The results suggest the need for further studies in order to validate the DRIS norms presented. In the future it will be important to increase the number of observations for the establishment of DRIS norms, as well as to determine the relevance of establishing specific nutritional standard according the edaphic, climatic and varietal variability of Portuguese wine regions.
INTRODUCTION
Usually, fertilizer recommendations in agriculture are based on soil and plant analyzes (Coleman et al., 2003; Pacheco et al., 2010; McCray et al., 2013) . However, since the procedure based on soil analysis has some constraints as the soil samples may not be representative of the portion of soil effectively explored by plants, the identification of nutrients that are really available to plants present some doubts (Meyer, 1981; Coleman et al., 2003; Pacheco et al., 2010; Horneck et al., 2011) .
As a result, plant analysis is a well-accepted tool for diagnosing the nutritional requirements of agricultural and forest crops, since it provides a direct measurement of plant nutritional status (Coleman et al., 2003; Harger et al., 2003) . Among all plant tissues, the leaves have the greater potential for diagnosis due to their important role on the main physiological processes of the plants, which makes the leaf analysis the most widely used resource (Malavolta et al., 1997; Coleman et al., 2003) . This kind of diagnosis can suit as a complement to soil analysis, allowing greater efficiency in fertilizer applications, including the economic ones (Chapman and Brown, 1950; Malavolta et al., 1997; McCray et al., 2013) . The interpretation of leaf analysis uses essentially reference values for specific levels of productivity and quality (such as the Critical Concentrations and the Sufficiency Nutrient Range Limits) (Pacheco et al., 2010) . These comparisons based on the standard values are a basic methodology which considers each nutrient independently and this way difficult the application of the concept of nutritional balance, since it can only identify a nutrient at each time (Jones, 1981; Beverly, 1991) . Thus, the use of such methods does not allow the rank of nutrient limitations (Meyer, 1981; Maeda et al., 2004) . On the other hand, they do not consider different nutritional mechanisms of plants neither the interactions issue between nutrients (Schaller et al., 2002) .
Furthermore, the standardization of the sampling period required by the above referred methods is based on the principle that higher nutrient requirements are met at the flowering stage which, in case of annual crops, prevents its results from being used on the benefit of the crop from which the sample was taken (Meyer, 1981; Harger et al., 2003; Nachtigall, 2004; Srivastava and Singh, 2008) . The evolution of tissue maturation, and therefore the instability of nutritional concentrations, is another difficulty in the interpretation and the establishment of these standards as well as the quantification of its impact on production (Sumner, 1979; Nachtigall, 2004; Srivastava and Singh, 2008) . Finally as these methods do not consider environmental factors or other nutritional conditions, it is assumed that the reference values listed are not unique or universally applicable, which justifies the existence of a large number of critical values referred in the literature for the same crop (Melsted et al., 1969; Srivastava and Singh, 2008) .
The Diagnosis and Recommendation Integrated System (DRIS) is an alternative tool for nutrient interpretation that has been implemented in different cropping systems in several countries (Ruíz-Bello and Cajuste, 2002; Harger et al., 2003; Srivastava and Singh, 2008) . Introduced by Beaufils (1973) , this methodology is based on the calculation of an index for each nutrient, considering its relationship with others (Mourão-Filho, 2005; McCray et al., 2013) . To this purpose, it uses a large number of nutrient concentrations and yields observations from a specific crop to obtain estimates of the average, standard deviations, variances and coefficients of variation, which constitute the comparison standards (Beaufils, 1973; Elwali and Gascho, 1983) . One of the most widespread methods for establishing the DRIS norms is the criterion of greater variance ratio among populations of low and high productivity (Beaufils, 1973) , tested for each nutritional ratio in forward and reverse order -" F value" (Letzsch and Sumner, 1984; Letzsch, 1985; Walworth and Sumner, 1987; Maeda et al., 2004) . Years later, Nick (1998) , proposed, alternatively, the criterion of "r-value". According this author, it should be chosen the nutrient ratio that results in the highest absolute value of the correlation coefficient (r) among the plant response variable (productivity) and the ratio between the pairs of nutrients both in the reverse and direct order. Those values, resulting from the application of one of the above two methods, will compose the DRIS reference parameters established from a nutritionally balanced and high productivity subpopulation, also known as standards or norms (Beaufils, 1973; Elwali and Gascho, 1983; Bailey et al., 1997; Ruíz-Bello and Cajuste, 2002; McCray et al., 2013) . By comparing the ratios of the nutrients in a tissue sample with the standard, using the calculation functions which are then used to set rates, it is possible to determine which nutrients are limiting crop yield (Beaufils, 1973; Elwali and Gascho, 1983; Bailey et al., 1997; Ruíz-Bello and Cajuste, 2002; McCray et al., 2013) . The DRIS method either calculates the nutritional balance index (NBI), which allows inferring about the nutritional balance of the plant (Elwali and Gascho, 1983; Tomé, 2001; Mourão-Filho, 2005) .
According Beaufils and Sumner (1975) , the main advantage of the DRIS methodology is its applicability to a specific crop in any place and at any stage of development. Based on nutrient relative concentrations in plant tissues (rather than absolute), it is less sensitive to plant development stage and respective concentration or dilution effect on nutrient content, resulting from biomass production (Bailey et al., 1997; Tomé, 2001) . Hence if the leaf samples are taken over a longer period of time and the identification of nutrient limitations is done at an earlier stage of development of the crop, it is possible to recognize or even fix the problem in the same year (Walworth and Sumner, 1987; Harger et al., 2003) . Furthermore, according to Beverly (1991) , Ruiz-Bello and Cajuste (2002) , or Raj and Rao (2006) , the DRIS points out other limiting nutrients not detected by conventional methods whose application result in the increase of the crop production. Nonetheless, the development and use of DRIS should be considered as a dynamic process that needs a database and the reference values constantly extended, for their greater efficiency in the nutritional diagnosis (Maeda et al., 2004) . Thus, one of the difficulties encountered when using DRIS is the obtainment of a representative number of high-yielding populations (Elwali and Gascho, 1984; Letzsch and Sumner, 1984) . Also the extensive and advanced number of calculations, given the complexity of the method, discouraged its use (Jones, 1981; Mourão-Filho, 2004 ). On the other hand, if the interdependence between nutrients proposed by DRIS method allows their classification and ranking, it also proves to be a huge disadvantage since it can be disclosed into false diagnoses due to the distortions caused by uncontrolled factors such as foliar contamination, antagonistic effects between nutrients or even by calculation issues inherent to the methodology Gascho, 1983, 1984; Mourão-Filho, 2004) . Furthermore, the influence of the leaf age and the type of tissue sampled has been considered in the course of several studies. Whether works developed by Beaufils and Sumner (1976) , with sugarcane, Sumner (1977) , with corn and Harger et al. (2003) , with soybean concluded that the DRIS methodology is independent of the age of the plant, other authors claim that DRIS is affected by the age and type of tissue sampled (Meyer, 1981; Beverly et al., 1984; Cerdá et al., 1995) . In addition, the universality of DRIS norms does not meet consensus among the authors who have studied this methodology. Theoretically, standard values should be applied to the crop in question, irrespective of place where it is grown (Beverly, 1991) . Therefore, the data collected for the establishment of standards should be as general as possible, in order to enframe a large number of individuals, randomly selected in a wide range of geographical and environmental conditions, so that it can be universally applicable to the same crop Sumner, 1979) . However, in fact, Beverly (1991), and Tomé (2001) , consider that the use of regional norms, derived from soil and local climate conditions, adapted to varieties and rootstocks are the most appropriate, since DRIS is also influenced by the same factors that interfere with other methods of nutritional status analysis. Thus, it is considered that, despite the additional benefits, the nutritional diagnosis based on DRIS should be considered in parallel with the conventional methodology. Information such as soil analysis, cultural practices or even the experience in crop management can provide very important complementary data in the assessment of nutritional status of a sample, allowing the most suitable fertilization procedure (Beaufils and Sumner, 1976; Beverly et al., 1984; Walworth and Sumner, 1987; McCray et al., 2013) .
Regarding Vitis vinifera spp., there are few studies published concerning this methodology application. Among the studies of Chelvan et al. (1984) , Schaller et al. (2002) , Sharma et al. (2005) , or Martín et al. (2013) , which were performed in different vineyards, it was detected the instability of the indices according to each phenological stage and tissue analyzed. Given those results, Schaller et al. (2002) , suggest that, as a perennial crop, the nutrient storage capacity of a vine in organs such as arms, trunk and roots is responsible for changing the expected response to a regular fertilizer application. In addition to the difficulty on the obtainment of DRIS indices, most of the published works focuses only on the production criteria (Martín et al., 2013) . Nonetheless, such a method would be pointless in a perspective of a modern viticulture focused on the achievement of high quality must, since in grapes high efficiency is not so important as quality (Schaller et al., 2002; Martín et al., 2013) . Therefore, according to these authors, it is mandatory the development of a mixed criterion for the definition of the reference population that matches the average production and preserves the quality of the must obtained.
In our country, the most widespread method of nutritional analysis and fertilizer recommendations used for vineyards is still the Sufficiency Nutrient Range Limits (Pacheco and Vieira, 2004) . The study of alternative methods has been neglected hence there is little information available. The first steps on the study and implementation of DRIS enclose a comparison of some methods for diagnosis of nutritional status applied to pear tree, cultivar 'Rocha' (Alves, 1997) , the application of the DRIS method for the kiwi orchards (Veloso, 1995) or the suitability of the methodology in vines (Carneiro et al., 2010) .
Given the role of the nutritional status of crops on the quantity and quality of production, and encouraged by the lack of technical and scientific information about DRIS, the purpose of this study was to establish the DRIS norms for vineyards in Portugal.
MATERIAL AND METHODS
Between 2006 and 2009, in partnership with farmer associations and companies, 199 vineyard plots distributed across North (43%), Center (37%) and South (20%) of Portugal were selected for this study following a similar distribution of the vineyard area in Portugal. These vineyards, randomly selected among a larger universe and chosen concerning the varieties, rootstocks, training systems, agronomic practices, soil and climate conditions and types of wine produced, were further divided into two different groups according to the national level of average production (5 ton/ha), after data published by the "Instituto Nacional de Estatística" (INE, 2012) and defined with the cooperating institutions, -99 plots of High Yield group: high or very high yields (≥5 ton/ha), considered reference plots for following the principles of good viticulture practices, and;
-100 plots of Low Yield group: characterized by low or very low yield (<5 ton/ha).
After identification and characterization of the vineyard plots, soil, leaf and fruit samples were collected according to the rules adopted in Integrated Production (Cavaco et al., 2005) , which were latter analyzed in the laboratory. Regarding leaf analysis, the sampling period was the flowering stage. The analytical parameters determined in the petioles of the leaves, sampled from a shoot in the middle third of the vine cordon and opposite to the basal cluster, were: N -Kjeldahl method (Kjeldahl, 1883) ; Pdigestion with nitric acid and quantification by colorimetry (Murphy and Riley, 1962; Watanabe and Olsen, 1965) ; K, Ca, Mg, Cu, Zn, Mn and Femicrowave digestion based on the method described by Jassie (1986, 1988) , and modified by Sah and Miller (1992) , using HNO3 and 30% H2O2 and an atomic absorption spectroscopy flame assay; B -digestion with sulfuric acid and colorimetric determination (Ellis et al., 1949) . Other performed analyzes, will not be considered in this work as they provided only an auxiliary characterization of the plots. Based on the analytical data, the preliminary DRIS norms were established for the Portuguese viticulture. In fact, despite the both methodologies reported in the literature, it was only considered the criterion of F value. The latter method -r value, proposed by Nick (1998), was not contemplated since not all the institutions provided information about the yield. Likewise Beaufils (1973) , or Elwali and Gascho (1984) , the DRIS reference parameters for each nutrient consisted in those forms of expressions (each nutrient was expressed as a numerator or a denominator of ratios with each of the other nine nutrients) which gave the highest significant variance ratios between the two sub-populations.
RESULTS AND DISCUSSION
Although preliminary, the DRIS norms for Portuguese vineyards were established based on results obtained in this work which are discriminated in Table I .
The results show that the nutritional relationships as also the DRIS norms obtained are not the same as those published and reported in literature for Vitis vinifera spp. by Chelvan et al. (1984) , Schaller et al. (2002) , Sharma et al. (2005) or Martin et al. (2013) , which would be expected, given not only the variability of the values found in the literature, but also the fact that the vine is a perennial crop. Therefore, issues such as nutrient storage in different organs, the existence of nutritional disorders that can affect the plants cumulatively over the years, the impact of management decisions, water relations, environmental conditions or even the occurrence of pest and diseases, have their influence on the vineyard nutrition, which can lead to a change in the expected response for a given fertilizers application as proven by Schaller et al. (2002) , Terra et al. (2002) , and Martín et al. (2013) . On the other hand, we question the universality of DRIS norms whereas some studies such as those performed by Beaufils and Sumner (1975) , or by Sumner (1979) , argue that the DRIS norms should be universally applied. In fact this standard values are susceptible to vary depending on the conditions that the crops are subject to (soil, climate, geographical location, varieties and rootstocks, etc.) , according to the studies of numerous authors like Beverly (1991 ), Tomé (2001 ), or Maeda et al. (2004 . Consequently, although the Portuguese average yield is 5 tons per hectare, regarding the variability in our country, the factors selected by the producer such as varieties, rootstocks, training systems or vineyard management, among others or the variables imposed by the region or the plot itself, such as edaphic or climatic conditions, explain the huge disparity of yield values per hectare obtained in this work. This situation lead us to consider that DRIS norms would be much more reliable if the reference populations were established region by region, fixing the largest possible number of variables. As also mentioned in the bibliography, factors such as the size of the standard population or the age of the sampled tissue may also have some influence on the results. However, this work was developed using a database set in order to cover the national variability and it was decided to perform the sampling at the flowering stage, the same criteria adopted by the Sufficiency Nutrient Range Limits, widely reported in our country. Yet, the coefficients of variation found are very high (Table I) , indicating the large variability of the obtained results (Veloso, 1995; Morales, 2004) . This dispersion magnitude is higher than desired, demonstrating the importance of gathering a larger number of data, according to different plant, soil and climate conditions (Veloso, 1995; Morales, 2004) . One last feature related to the establishment of DRIS nutritional standards and reported by Martin et al. (2013) , is the difficulty in attaining DRIS indices for vineyards bearing in mind the quality criteria, which is equally or even more important than the quantity of grapes harvested. That will explain our decision to evaluate quantitatively the samples considered in this work. 
